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INTRODUCTION 

L i q u i d  Chromatography ( L C )  methods play a n  important role in coal liquid analysis 
both as pre-separation techniques fo r  further analytical studies as well as coal 
liquid characterization methods in the i r  own r igh t .  Among the many d i f fe ren t  LC 
separation methods fo r  coal l iquids,  those described by Farcasiu ( 1 )  and Dark et a l .  
(2)  have gained re la t ive ly  wide acceptance. 
s i l i c a  gel separation method developed by Rubin et at. ( 3 )  was described by McClennen 
et aZ.(4) and adapted for  GC/MS as well as d i rec t  low voltage MS studies.  
modified technique involves the use of four increasingly polar eluents:  namely 
Pentane, pentane/benzene (8 :1) ,  benzene/ether ( 4 : l )  and benzene/methanol (1 :1). Low 
voltage MS analysis of the four subfractions obtained from coal tars produced by a 
range of different liquefaction methods consistently reveals the following compound 
categories: (1st subfraction) a l ipha t ic ,  naphthenic and aromatic hydrocarbons; (2nd 
subfraction) polynuclear aromatic hydrocarbons; (3rd subfraction) hydroxyaromatics; 
and  ( 4 t h  subfraction) polyfunctional and nitrogen compounds (4,5).  

In most instances, the f i r s t  (pentane) fraction i s  s t i l l  too complex for a useful 
degree of compound c lass  quantitation since t h i s  fraction contains a variety of 
a l ipha t ic  compound ser ies  as well as a l icyc l ic ,  hydroaromatic and aromatic se r ies .  
On the basis of elementary LC principles,  however, i t  can be predicted tha t  the 
various hydrocarbon compound classes will e lu te  a t  s l igh t ly  d i f fe ren t  points in 
time. 
i t  would be unrea l i s t ic  t o  expect a complete separation, even when using sophisti-  
cated HPLC methods, therefore considerable overlap will occur among the various 
compound ser ies .  Nevertheless, combination with MS techniques opens up  the possi- 
b i l i t y  of achieving numerically enhanced separation between incompletely resolved 
chromatographic peaks. This approach i s  widely used in combined GC/MS techniques. 
However, whereas on-line GC/MS instrumentation i s  widely available,  on-line LC/MS 
methods a re  s t i l l  under development and require expensive, dedicated equipment. 
contrast ,  off-l ine LC/MS procedures can be carried out w i t h  r e la t ive ly  simple LC and 
MS equipment as demonstrated by Meuzelaar et a l .  ( 5 ) .  
an off-l ine LC-MS approach as applied t o  the pentane LC fraction of a heavy coal 
pyrolysis tar, will be reported here. 

EXPERIMENTAL 

The pentane LC fraction of a heavy pyrolysis t a r  produced by a p i lo t  plant sca le  
L u r g i  re tor t  r u n  of a Blind Canyon seam (Wasatch Plateau f i e l d ,  Utah) coal was 
prepared according t o  the method described by McClennen et a t .  ( 4 ) .  
t h i s  pentane fraction was subfractionated over a 0.7 cm dia.  X 29 cm long glass 
column packed w i t h  activated 120/200 mesh s i l i c a  gel (Baker analyzed reagent) using 
hexane (pesticide grade) as the eluent. 
fraction ( a  viscous l iqu id)  were layered o n  the s i l i c a  gel column. Thirty ml of 
hexane were used t o  e lu te  the ta r  fraction. The f i r s t  ten fractions were collected 
every 0.5 t o  0.75 ml. 
Fractions 18 and 19 were collected every 2 ml. Fractions were evaporated with a 
flow of nitrogen gas t o  between one half and one fourth volume. 

A modified version of an open column 

This 

I n  view of the broad range of molecular s izes  as well as structures involved 

In 

Preliminary resu l t s  of such 

Subsequently, 

Approximately 0.7 g of the pentane LC 

Fractions 11 t o  17  were collected every 1 to  1.5 m l .  
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The n ineteen sub f rac t i ons  were analyzed by low vo l tage  (12 eV) mass spectrometry 
us ing  a heated i n l e t  and c a p i l l a r y  tube sample i n t r o d u c t i o n  procedure as described 
by McClennen e t  aZ. ( 5 ) .  
summed f o r  each sub f rac t i on .  
r o u t i n e  o f  t h e  SPSS program package ( 6 )  i n  combination w i t h  fac to r  r o t a t i o n  methods 
developed by Windig et aZ. (7 ) .  

E i g h t  hundred scans over  t h e  mass range m/z 20 t o  260 were 
Data ana lys i s  was performed us ing t h e  f a c t o r  ana lys i s  

RESULTS AND DISCUSSION 

The low vo l tage mass spec t ra  of t h e  o r i g i n a l  Lu rg i  t a r  and i t s  pentane LC f r a c t i o n ,  
shown i n  F igure 1, i l l u s t r a t e  the  effect iveness o f  t he  LC procedure i n  separat ing 
hydroxyaromatic s e r i e s  (e.g., phenols and indano ls )  which appear i n  t h e  benzene/- 
e t h e r  f r a c t i o n  (49% y i e l d ;  n o t  shown) from the  hydrocarbon components. Moreover, 
a l though some th ree  and four  r i n g  aromatic hydrocarbons, e.g., phenanthrene/- 
anthracene and pyrene, appear i n  t h e  pentane f r a c t i o n  (F igure l b )  t h e i r  r e l a t i v e  
abundance i s  decreased i n  comparison w i t h  the  spectrum o f  t h e  whole t a r  (F igure l a ) .  
Th i s  i s  due t o  the  f a c t  t h a t  po lynuclear  aromatic hydrocarbon se r ies  are concen- 
t r a t e d  i n  t h e  second (pentane/benzene) f r a c t i o n  (no t  shown; see reference 8 )  which 
accounts f o r  9% of t he  t o t a l  t a r .  

When evaluat ing F igu re  1, i t  should be pointed ou t  t h a t  no t  a l l  of the L u r g i  t a r  was 
vacuum d i s t i l l a b l e  ( res idue  a t  400°C -5%; see reference 8 ) .  
represents a combined evapora t i on lpy ro l ys i  s mass spectrum. 
h ighe r  b o i l i n g  t a r  components (e.g., vacuum d i s t i l l a b l e  between 2OOOC and 400°C) may 
have been l o s t  by condensation i n  the mass spectrometer i n l e t .  To a l e s s e r  extent ,  
a s i m i l a r  problem may e x i s t  w i t h  the  pentane f r a c t i o n  i n  F igure l b .  Furthermore, i t  
should be pointed ou t  t h a t  the chemical i d e n t i t i e s  o f  t he  i o n  species o u t l i n e d  i n  
F igu re  1, as we l l  as i n  subsequent f igures,  are t e n t a t i v e  on ly  s ince  these were 
based on p r i o r  exper ience w i t h  o the r  coa l  t a r s  (4,8,9) r a t h e r  than on p o s i t i v e  
i d e n t i f i c a t i o n  by combined GC/MS ( 4 )  o r  MS/MS (10) techniques. 

F igu re  2 shows t h a t  t h e  expected separat ion o f  hydrocarbon compound c lasses du r ing  
e l u t i o n  w i t h  hexane ( o r  pentane) from the  s i l i c a  ge l  column does indeed take  place. 
Subfract ions 1 (F igu re  Za), 11 (F igu re  2b) and 19 (F igu re  Zc) are found t o  con ta in  
p r i m a r i l y  a l i p h a t i c  hydrocarbons, c y c l i c  terpenoids and a l k y l s u b s t i t u t e d  aromatics, 
respec t i ve l y .  The a l i p h a t i c  p a t t e r n  i n  F igure l a  e x h i b i t s  the f a m i l i a r  a1 kane/- 
alkene/diene t r i p l e t s  up t o  c18 (probably con t inu ing  beyond the recorded mass range) 
i l l u s t r a t i n g  t h a t  good q u a l i t y  a l i p h a t i c  hydrocarbon spec t ra  are obta ined under the  
l ow  vo l tage e l e c t r o n  i o n i z a t i o n  cond i t i ons  used i n  t h i s  experiment. Through subse- 
quent f rac t i ons  t h e  r e l a t i v e  c o n t r i b u t i o n  o f  the a lkane components d imin ishes i n  
favor  Of t h e  o l e f i n i c  compound se r ies  (not  shown) u n t i l  isoprenoid- type spec t ra l  
pa t te rns  appear i n  f r a c t i o n s  10 and 11. 
(F igu re  2b) i s  dominated by the c h a r a c t e r i s t i c  rearrangement-type fragment i o n  
s e r i e s  from decal ins and h igher  terpanes a t  m/z 82, 96 and 110 as we l l  as equa l l y  
c h a r a c t e r i s t i c  fragment i ons  a t  m/z 163 (C12Hig+) and 191 (C14H23'). 
i o n  a t  m/z 191 i s  o f t e n  used i n  GC/MS s tud ies  o f  hydrocarbon f rac t i ons  of geo- 
chemical o r i g i n  t o  i d e n t i f y  c y c l i c  terpanes and terpenes ( i n c l u d i n g  sesqui-,  d i -  and 
t r i t e r p a n e s  and - terpenes)  (11,12,13) a l though i t  i s  a l s o  a major fragment i o n  of 
t h e  a c y c l i c  isoprenoid p r i s t a n e  (14) .  A c l o s e r  i nspec t i on  of the sesqui terpenoid 
molecular i o n  r e g i o n  o f  t he  spectrum i n  F igure 2b revea ls  the expected peaks a t  m/z 
208 (sesquiterpanes) and 206 (sesquiterpenes). 
these pa t te rns  through subsequent hexane f r a c t i o n s  (e.g., 12 and 13; n o t  shown) a 
gradual s h i f t  towards more unsaturated sesquiterpenoids (e.g., a t  m/z 204 and 202) 
can be observed, f i n a l l y  cumulat ing i n  the jump t o  m/z 198 (cadalene) a t  t h e  s t a r t  
of t h e  a lky lnaphthalene se r ies  i n  the l a s t  f o u r  f r a c t i o n s  (see f r a c t i o n  19 i n  F igure 

Therefore, F igure l a  
Moreover, some of the 

The te rpeno id  p a t t e r n  i n  f r a c t i o n  11 

The fragment 

Upon f o l l o w i n g  the  e v o l u t i o n  of 

2c). 
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I 

The foregoing discussion i l l u s t r a t e s  t ha t  a t  l ea s t  three (a l ipha t ics ,  naphthenics 
and aromatics), and perhaps as much as f ive  (alkanes, o le f ins ,  a l icyc l ics ,  hydro- 
aromatics and aromatics), compound classes can be seen t o  e lu te  in consecutive 
fashion and, thus, can be evaluated qua l i ta t ive ly .  However, significant problems 
are encountered when trying t o  obtain a quantitative estimate of the re la t ive  abun-  
dances and yields of these compound classes by means of selected ion in tens i t ies .  
Whereas m/z 191 and 156 are  found t o  provide good elution profiles for  the terpenoid 
and two ring aromatic f rac t ions ,  respectively (see Figure 3 ) ,  no completely sa t i s -  
factory fragment ion signals a re  found fo r  the a l ipha t ic  components, due t o  strong 
Overlap with the a l icyc l ic  and aromatic compound groups, as shown i n  Figure 4 .  

I n  View of the fac t  the single variables prove unsatisfactory for  quantitation pur- 
poses, multivariate approaches s u c h  a s  factor analysis appear to  be indicated in th i s  
case. Figure 5 shows a plot of  the scores of the f i r s t  two fac tors  obtained on the 
low voltage mass spectra of 17 of the original 19 subfractions (subfractions 3 and 
14 were eliminated because of aberrant behavior in the fac tor  analysis) .  Together 
these two factors explain as much as  72.9% of the to ta l  variance in the mass 
spectra. In other words, the in t r in s i c  (" t rue")  dimensionality of the data set i s  
close t o  2. 
behavior of the data se t .  
indicated by the near tr iangular arrangement of the data points in Figure 5 with 
a l ipha t ics  (alkanes t o le f in i c s ) ,  naphthenics (a l icyc l ics  + hydroaromatics) and 
aromatics representing the three corner points of the t r iangle .  As shown in pre- 
vious multivariate analysis studies of mass spectra of ternary mixtures (5,7,15) the 
re la t ive  concentration of the components i n  such mixtures can be d i rec t ly  estimated 
from the factor analysis scores. The factor scores of the three component axes A ,  B 
and C representing a l ipha t ic ,  naphthenic and aromatic components, respectively, a re  
plotted i n  Figure 6 and show the re la t ive  concentrations of these compound classes 
d u r i n g  elution of the subfractions from the s i l i c a  gel column. 
of absolute concentration values requires the ava i lab i l i ty  of suitable reference 
standards (e.g,  reference mixtures obtained by repeated LC analysis of representa- 
t i ve  coal t a r s )  and has not been attempted here. 

I t  should be noted tha t  the factor score plot in Figure 6 shows a numerically 
enhanced separation of the a1 iphatic and naphthenic compound classes in comparison 
t o  the selected ion intensity plots in Figure 4. Finally,  i t  should be pointed out 
tha t  the a l ipha t ic  and naphthenic compound classes i n  Figure 6 may each be sub- 
divided fur ther  into a t  l eas t  two classes (as indicated by arrows) by using 
additional factor analysis data ( fac tor  I11 represents 12 .7% of the to ta l  variance). 
This would resu l t  in a to ta l  of f ive  compound classes:  alkanes, o le f ins ,  a l i cyc l i c s ,  
hydroaromatics and aromatics. 
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I 

Figure 3. Relative ion intensities of selected ion intensities representing specific compound classes 
present in the subfractions. See text for details. 

I 

Figure 4. Relative ion intensities of selected fragment ions representing general compound classes present 
in the subfractions. 
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Figure 5 .  Score plot of subfractions on factors 1 and 2 with cmponent axes indicated. 
a ternary mixture diagram. 

Note resemblance to 
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Figure 6. Relative scores o f  subfractions on cmponents A. B. and C versus 
elution volume (calculated fran factor score plot  I n  Figure 5). 
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